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TOs invanlion mlalfls lo nowai DNA soquencos thai encp<la novd variant forms oi acBlohydniicy ftcid 
synthase enzymo ffiMBinaflor AHAS). T?m) AHAS Anzyme is a criiioal enzyme routinely protHiced in a 
vwiaty of Plants and a Uroad range of microoroaresms. Nonnal AHAS function is mhibiled by a numtw of 
differani types of hartJicides: however, now AHAS eroynws encoded Ijy Itw mutant DNA soquoncea 

5 function nonnafly catalyfically ovon in Ihe presence of auch hortHcides and. therofore, conlor herbiode 
ro&jstapce upon the ptant or mtcniarQanism cantainina tfiem. 

The noMBl PNA sequences are baaed on Ihe unoxpectsd oOservalion ihat dBfoilon oi one or rnnre 
specific amino acids in certain regions of the noiwal AHAS gene «equenc« results ir» a fully lunciional 
enzymo. but renders the enzyme resistant to inhibition by a variety of different tvpas of hBibicide6. 

7P inctuding imWazoIinDnes, trl8a*ipyrimldines. and sultanylurmfi- Tho availabilllv of fheso vanant sequoncos 
providas a tool for twnsformalion of a variety of different crop plants to horbiddo resistance, as well as 
piovrding novel selaclable marltt»rs for use in oilier types ol genoiic transformation expenments. 

BACKISBQIINP OF THE INVENTION 

" -Rio usa of herbicides in agriculture Is now widespread. Allfiough there are a large number of available 
compounds which elfactively destroy weeUs, not oil herbfcWes am capable oi selectively taraeting the 
undereirabla plants over crop plaols. as well as being non-toxic to animals. Often, it « necessary to settle 
for compounds which ai» simply loss toxic to crop plants than to weeds- In order to owrcoma ihls problMn. 
devatapmant of herbicida resistant crop plants has beoome a major focus of agncuilural rosearrfi. 

An Important aspect of development of herbicidB-rosistwice is an understanding of how the berbtcide 
works in InhibiHng plant growth, and Iheo maniputaiing the atfacted biochamical pathway in the crop plant 
so mat the InhlWlory affect is avowed while ffie plant retains normal bioloolcal function- One of Uie first 
discowories of the Wochamical mochaniam of horbicfdes related to a series of struchirally unrelated 
herbicida compounds, the imidasolinones. iho suWonylureas and the iriazolDpyiimidinos. It ts now known 
(SNnir et al. Rant Physiol. 76: 54S.S46.1984. U.S. Patent No. 4.761,373) lhai each of thoso herbicides 
inhibits rtanTnlSSiUiTiyTfiterfiFonce wilh an integral collular enzyme, acelohydroxyacid synthBse (AH^. 
also referred lo as acoWacelata synihaso, or AUS). AHAS Is required tor Iho synthesis of the amino adds 
isolBuoine, laucino and valine- ^ . , . . ^ 

Ttie AHAS enzyme Is known lo be present throughout higher plania. as wall as being (OHOd in a varioly 
of microoroanlsms. aKti as iho yeast Saccharomyces cerevislae . pnd the ontaric hacioria. Escherichia cojt 
and Sfllmonena typhimurlum. The geneiic basis for (he production of normal ahaS in a number ol lhasa 
spod-eMJiiTlSo-fc-WiTcharacleHzed. For example, in bolh § coll and S. tVPhimurium Ihrafl isozymes, 
of AHAS aKist; two of thosa are sanslHvB to hertHcidas while a tMrd Is not- Each of these isozymes 
poss^sBS one large and one small protein aubunll: and map to the «vlH. llvGM and HvBN oporons- 
yeast, (be sinola AHAS Isozyme has been mapped to Iho IUV2 locus- In each case, sensiliw afwJ tosistent 
forms have been Weotiried and sequences of the various allelBs havo been dotormined (Frldan ^ ^- Nu* 
Acid Has, 13: 3879-3083. 1085: Uwther et aU PNAS USA Ttt 822-82B. 1982; Squires et al. Nu^ A»^ 
H5i-«virs»B-53ta. 18B3; Wok et al; Nu-^rAcids Bos 13: 4011-MK!7, 1985; FaWo and Dumas. Qeneb« 
T5ft fti^S- BBS: Falco et fli. Nut:l- Adds Res 13: 401 1-wa7. iBBS). . . 

in lobacco. AHAS fMndliTii encoded by two unrmhod gones, SuRA end SuRB. There is substantial 
identify between (lie byo oanes. bolh at the nucleotide level and amino acid »ave| in the rnatuve pnu,^ 
SS^Sh ttie N-lenninal. piLiv^ transit raglor, rfrtfere more substantially (Lao oj al. EMBO J^: 1 241- 24^ 
"S ArabWopsis. on Oia other hand, has a sioole AHAS gene, which has »Jso bean complatah^ 
sequen ced. Coiiwi rlsons among saquenees ol (he AHAS genes in higher plants hdicates a hiah level ^ 
^sarvation of caiiain regions of Ihe sequence; epedncally. there are at (east 10 regions of sequence 
consonraUon. « has previously been assumed that these conserved regions are cnlkal id the (unction of the 
enzyme and that mtenilon of Ihat function is dependent upon substaoBal sequence consetvaUon. 

I hlis bean recenUy raponod (EP 0257B93) Ihat mutants oxhibilino herbiade resistance possess 
mulalions in al feast one amino adu in one or mom ol these conserved regions, in partfcular. subsHhilion of 
S ammo acids (or the wild typo ammo acid at these specific sites in the AHAS sequence have boon 
BhL (o be loleraiad. and Indeed result in herbicide resistance of lha P"^*- P^^f^^^'f^^^ 
retaining catalytic function. Those mMors have bean shown to occur at bolh ttio SuHA and BuRB loc, In 
ioImicto: similar imitaiions havo beeri isolated in Ambldo^s and yeast. , 

II has now bean unexpectedly discovered ihat dolelions of one or more ammo acids MUim one or marB 
ot thMO -conserved- regions lesoll not only In a functional AHAS enzyme, but also rasuH « •w*;ddo 
rasisianca Sequence conseivaUon nonnally Implies that any change In these regions would not be tolerated 
and would thareforo result In a nonfunciional protein. However, in me present case, it is particularly 
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surposmo <hat enzyme function is retanpd, in view of ttio fad Ui$l Ihe d&loriona nol only oliminato an amino 
acfd rosldue that is a stnjclural component of ttio enzyme, but also necessarily rssull in residua 4^tting, 
IheroDy doatroying ttio apparent conservHliDn of the sequence containing the mutHtton. TTius, novel nucleic 
ackl sequonce? are provided Mhtoh ere usoful In transfonning harblcldo ^ensliivo plants to hertiicido 
5 rosisiant ones. Tho plants iransfomwd Ihorofoie provide the basis tor devoiopmom of novel hartiiddo 
rasfslaot plant varietfea, 

SUm^MARY OF THE INVHITlOW 

iQ The present Irwontioo provides novol nucleic acid soquonces encod^g funcfional AH AS enzymes 
insensilfve to a variety of harhicjdes. The saquancftfi in question coniprlBe the dalotion of one or more 
codpns encoding a specific amino acid within one or more daajgnated so^lled conserved regions in the 
wild typo AHAS molecule. The idontily of ihose sitos^ and the delefabie codons win be discussed in greater 
detail below. Tha altered DNA sequences are useful in methods lor producing hertacide reslsiant plant 

IS ceHe, said methods comprising transforming a target plani cell with one or more of tha allerad sequences 
pittvfdod herein. Aliematlvoly. mutaflenosis is utilized to create delation mutants in plant cells or seeds 
conHMning a nucleic acid sequence encoding a hartHode sensitive AHAS. Such ptant calls are then passed 
through lisgue cutlure in order lo rooanerate plants which possess the herbicide resistant or Insensitive trait. 
The invention thus also encompasses plsnt caBs. plant tissue cultures, adult plsnts. and plant seeds that 

ao possess the delation mutant nui^Ic add sequences and which oKpress functional, harblclde^esistanl AHAS 

enzvmofi- , . - 

The availshility of those novel herbicide raslstant plants enal*M new methods of growing crop plants m 
Ihe prosooce of hert^cktes. kistaad of growing non-resiGtarit plants, fields may be planted with lha ragistant 
planlia of the pmsont invention and the fald routinely trealod with herbicide, wilh no resuWing damage to 

ss crop plants. Preferred hertiicidos for this puipose are imidazolinones, sulfonylureas, and triazolopyrlmidines. 
flw mutant nudetc acids of the present invention also provide novel setectablo markers for use in 
iranafonnBlion experiments. Tt» nupleic acjd soqueoce encoding a resistant AHAS is linKsd to a second 
gene prior lo transfer to a host cell, and the entire construct transfonnod into the host- Putative transforn>ed 
cells are then grown.in culture in ihe prosenoo of inhibitufy amounts of herbicide: surviving colls will have 

30 successfully acquired the second gone of interest. 

Tha following dahnitions should bo understood to apply throughout the specification and claims. A 
''funptianal*' or 'normal" AHAS enzyme is one which is capable of catalyzing the first slop in Ihe pathway 
for aynlhosis of tha essenilal amino adds isoleucina, leucine and valine. A "conserved" soquonce or region 
of AHAS is a series of nucleic acids or amino acids within me AHAS nucleic acid or amino acid sequence 

35 which is Ihe same in at toast two of ihe species having the AHAS on^vma. a -wiW-iype" AHAS sequence is 
a soquenca pr^enl in a herbicide sensitive member of a given spa^eB. A "resistant" plant is one which 
prw^uces a normal AHAS onscyme. and which ia capable of reaching maturiiy when grown in the presence 
of nomially intilbilofy kwels of herWcida. The term -resistant", as used herein, is also intended to 
encompass -tolaranl" plants, i.e., ihoso plants which pheno^typkaHy evidence adverse, but not lemai, 

AO reacfians to Ihe h^bldda, 

OTH£F PESCWFTXIN OF Ttig ROURES 

ngurea ta and lb (Sequence UsUnga 1 and Z) show, respectively, the amino acid and nucleotide 
4S sequences of ArabMopsIs wild-typo AHAS, In Rgure ia. boxed mglons indfcate oKomplary subsequences in 
which deletione may be made to produca hertiicido rosietance. Orcted rasiduos identify spodfic s'rtas wt>ero 
suet) deletions may bo made. In Figure ib. an arrow indicates tha start of the coding region, 

ngure 2(a-c) shows three photographs of progeny (first generation), resulting Irom a transgonic tobacco 
Plant (10-1) lransfor?nod wilh a construct contaioino a Trp574 deletion mutation of Arabidopsis AHA3 
50 spra^yod posfr^morgance with Pursuit* ImldazolinonB heitidde at a. lO, 4a fiO. fiO and ISO 
ffarnsmociaro toma). All three phokigraphs ware taken 2B days after spraying. In aN photographs, control 
plants (a wild-type herbicide sensitive trt)acco cullivar. Wisconsin 3fl(W3e]) am in the front row. 

(;j) W3a Control ortd 10-1 Self - W3e roprosonifi Ihe conlrot and 10-1 the seffed transgonlc tobacco 
progeny. At 0 g^a Pui^ult*. both the W38 and the 10-1 took slriMtor. At 10 g/ha. the )fm plant is slighUy 
fis inhibited in its growth as compared to 10-1: however, starting at 20 g/ha, W3a growth is almost 
complBioly Inhlbltod. At ao gflra. 10-1 plant growth appoars to bo sUghlly inhibited and at ICO gfl^ 1I>-1 
plant growth is clearfy iniilblled. 

m W38 Control and 0 K 10-1 - W3B as previoualy described- 0x10-1 represents W38 as m matornal 
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